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The reactions of the host to bacterial and virus infections have been 
measured in terms of the minimal lethal dose for different sites of inoc- 
ulations, and they have been appraised in terms of damage to tissues 
and in terms of tissue specificity; but the extent of dispersion of the 
infective agents as affecting the results has in the past been accorded 
little  attention.  In  recent  work  from  this  laboratory  a  chemical 
fraction which causes dispersion of particulate matter injected with it 
into the skin and extracts from testicle (1) and from invasive bacteria 
(2),  which have the same effect, served as  a  tool to show that  the 
extent of dispersion of the infectious agent importantly influences the 
size of the lesions due to infection.  It was found that intracutaneous 
inoculations into rabbits of testicle extract together with concentrated 
suspensions  of  bacteria  resulted  in  more  widespread  lesions  than 
inoculations of equally concentrated suspensions of bacteria in isotonic 
saline (3).  It was later observed that inoculations of testicle extract 
with  dilute  suspensions  of  staphylococcus  either  produced  lesions 
which were less widespread than those produced by saline suspensions 
or failed to produce a lesion (4).  These results led to the supposition 
that in the case of bacteria there could be determined a  critical con- 
centration, the minimal effective concentration per unit area  of in- 
fection, below which no reaction would occur, and above which the 
intensity of the reaction would be roughly proportional to the con- 
centration.  The  critical  concentration is presumably the  resultant 
of local resistance of the host tissues, and of local virulence of the 
bacteria. 
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This supposition has now been tested repeatedly with bacteria and 
with  several  viruses.  The  results  to  be  given  in  the  present  paper 
confirm and  extend  those  previously reported,  as  concerns bacteria. 
They indicate in addition that the critical concentration for filterable 
viruses  may depend  upon  a  different  state  of  affairs  from  that  for 
bacteria. 
Material and Methods 
Origin  and  Characteristics  of  the  Bacteria Used.--Staphylococeus  albus.-- 
This was an R variant, viscid and non-virulent,  isolated 2 years ago from a chronic 
suppurative process in man. 
Staphylococcus "citreus".--This  was  a  hyperpigmented,  viscid,  non-virulent 
strain  obtained  by dissociation  of a  virulent  aureus strain  growing  in  gelatin 
medium. 
B. prodigiosus, E. typhi,  V. cholerae, B. proteus, B. dysenteriae Flexner.--The 
sources of these are not accurately known, but they are all old laboratory strains 
of low virulence.  The strain of B. prodigiosus occasionally shows a rather strong 
local infective power for certain rabbits. 
Pneumococcus, R Variant.--This was the Strain 1/192/R, obtained by dissocia- 
tion of a virulent strain of Pneumococcus  Type I, and is non-virulent for mice 
and rabbits) 
Streptococcus 090 4/8 Hemolytlc.2--This is a bovine strain which is highly viru- 
lent for mice and rabbits. 
Streptococcus 090 4/9 Non-Itemolytic.--This is also a bovine strain and highly 
virulent for mice, but probably less so for rabbits.  Both of these strains of strep- 
tococcus contain the specific carbohydrate and are very active producers of the 
spreading  factor. 
Streptococcus S/43-M.A.--Isolated  from a  case of measles,  it is non-virulent 
for mice  and of medium virulence  for rabbits.  It contains the  M.  substance 
and produces a moderate amount of spreading factor. 
Streptococcus S/43 Glossy.--This  was derived from Strain S/43-M.A. with which 
it shares  its characteristic  of virulence.  It is devoid  of type-specific substance 
and is a very feeble producer of spreading factor. 
Streptococcus K-152.--A rheumatic strain,  it is probably of medium virulence 
for rabbits. 
Staphylococcus aureus, Strains 40 and 50.--These are virulent strains  isolated 
t This strain was supplied by Dr. Goodner of the Hospital of The Rockefeller 
Institute. 
All of these  strains of streptococcus  were supplied  by Dr. Lancefield of the 
Hospital of The Rockefeller Institute.  The nomenclature  used by her to desig- 
nate these strains has been retained. 1~.  DLrRAN-REYNALS  619 
2 years ago from an abscess in man.  Both are very active in production of the 
spreading factor. 
Bacillus of Mouse Typhoid I  and//.--These  strains are closely related to or 
identical with B. enteritidis and B. pestis caviae respectively.  They were isolated 
from spontaneous cases in mice and are very virulent for these animals and for 
rabbits? 
Bacillus  of Mouse Typhoid III.--A strain highly virulent for mice and rabbits, 
it was isolated from a spontaneous case in this laboratory during an epidemic. 
Pneumococcus  Type/.--This  was  the Neufeld strain, very virulent for both 
mice and rabbits.  It is reported to kill a  mouse when  doses as low as  1  to 3 
bacteria are injected.  4 
All of the above described strains have been kept in artificial media for several 
years. 
Preparation  of Suspensions  of Bacteria.--24 hour and occasionally 48 hour cul- 
tures of bacteria on plain or blood agar were chosen for the tests, save in the case 
of pneumococcus which was grown in T  broth containing rabbit blood.  Homo- 
geneous concentrated suspensions of living bacteria were prepared by shaking the 
cultures with isotonic saline in tubes containing beads.  The addition of differ- 
ent volumes of the isotonic saline to aliquots of the concentrated bacterial sus- 
pension provided a  graded series of dilutions of bacteria.  The most dilute sus- 
pension tested was 1/2,000 millionth of a  24 hour culture; the most concentrated 
was 1/200th of a  24 hour culture. 
Origin  and  Characteristics  of  the  Filterable  Viruses  Used.--Neurovaccine 
Virus.--This is the well known strain of Levaditi which has been carried through 
rabbit brain for many  years.  It  is particularly virulent  for rabbits, especially 
when  inoculated intracerebraliy. 
Testicle  Vaccine  Virus.--This  is the  Noguchi  strain, carried for many years 
through rabbit testicle.  It is moderately active for rabbits when injected into 
the testicle or skin, but does not kill after intracerebral injection. 
Dermovaecine Virus.--This is in the form of plain lymph from the infected cow, 
prepared by the New York City Board of Health.  It is moderately active for 
rabbit skin. 
Cultured Vaccine Virus.--This is the same as the last mentioned, kept in Rivers' 
medium for 80 passages (6). 5 
Virus III.--This  virus was  discovered by Dr.  Rivers in  rabbit testicle and 
carried through this organ for several years.  With moderate activity for rabbit 
testicle, it gives only very mild lesions when injected into the skin. 
Virus of the Fibroma-Like  Growth of Rabbits.--This virus was discovered by Dr. 
3 These strains were supplied to us by Dr. Webster of The Rockefeller Insti- 
tute (5). 
4 This strain was supplied to us by Dr. Goodner. 
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Shope in wild rabbits (7). 6  It was carried by us through 18 passages in the rabbit 
skin, after which it induced much more active growths than before.  It was ac- 
tive only when injected into the skin or testicle, producing a strictly local growth 
which always regressed. 
Preparation of Suspensions of Viruses.--Graded series of dilutions of virus were 
prepared from standard suspensions of the virus contained in the tissue pulp. 
The standard suspensions of Levaditi's ueurovaccine virus and of Noguchi's 
testicle vaccine virus were prepared as follows.  Rabbits injected intratesticu- 
larly with the virus were killed 5 days later, the testes were removed and ground 
with sand and approximately 10 volumes of a  mixture of Ringer's solution and 
glycerine in equal parts.  The resulting pulp was distributed in tubes, covered 
with a  layer of vaseline, and stored in the ice box.  Dilutions of this pulp were 
made up immediately before each experiment. 
For the preparation of Rivers' Virus III the rabbits were similarly treated, but 
the  testicle pulp containing the virus was used immediately upon preparation. 
The same graded dilutions were prepared from the original pulp of the plain and 
cultured vaccine virus. 
The virus of Shope's fibroma-like growth was used after 2 passages and after 
18 passages through the rabbit skin.  Growths from 5 to 8 days old were used. 
The fresh tissue was ground with sand and 6 volumes of isotonic saline; the resul- 
tant pulp was centrifuged and the supernatant fluid used for dilutions. 
Preparation of the Spreading Agents.--Bull  testicle extract was  prepared by 
stripping the membrane from the organ and grinding the glandular tissue with 
sand and 4  volumes of isotonic saline.  The extract was then filtered through a 
Berkefeld V or W  falter. 
The bacterial spreading factor was prepared from an invasive strain of staphylo- 
coccus (2) by extracting a  24 hour culture of the bacteria for about 15 minutes 
with isotonic saline in the ratio of 5 or 10 cc. of fluid per culture and then filtered 
through a  Berkefeld V candle.  Both testicle and staphylococcus extracts stored 
in tubes in the ice box were still active several months after their preparation. 
Immune Sera.--The  antipneumococcus serum was either the horse serum from 
the New York Board of Health or the rabbit antiserum prepared according to the 
method of Cole and More (8).  The antivaccine sera came from 3 rabbits which 
had recovered from vaccine infection of the skin and are designated as Samples 
A, B, and C.  They had been previously tested for antivaccinal antibodies. 
Method of Testing the Effects of Spreading oJ Infectious Agents.--Progressive 
dilutions of the  infectious agent  to be tested were made with  saline solution. 
Generally no more than 6 of such dilutions were tested on a  single rabbit.  1 cc. 
of a  mixture of equal volumes of each dilution with testicle extract was injected 
intracutaneously into the side of the animal, and these injections were repeated 
in the other side with saline instead of testicle extract.  Experiments performed in 
this way exclude the influence of individual variations in animal resistance upon 
6 The virus was supplied to us by Dr. Shope. ~'.  DLrRAN-REYNALS  621 
the lesions produced by the different dilutions of the infectious agent.  In certain 
series of experiments each of the injections was made in a single rabbit, for reasons 
which will be explained later. 
The lesions are described in terms of the area of skin affected and also of the 
intensity of the various signs  of inflammation.  These manifestations of infec- 
tion were recorded daily by plus signs for 7 or more days after the inoculations. 
Lilac  rabbits  of  the  breed  of  The  Rockefeller Institute  have  been  used 
throughout. 
Preliminary Considerations  on the Uniformity of Dispersion of Infective 
Agents in the Skin When Injected Together with Testicle Extract 
All the data  so far available  on the effect upon local infections of 
the spreading factors from testicle extract (1), extracts of other organs 
(9),  and of invasive bacteria  (2)  and  azoproteins  (10)  point  directly 
to the following explanation:  The modification of the lesion is due to 
an induced increase of permeability of the tissue.  As a  consequence 
of this the infective agent injected along with the spreading  factor is 
passively distributed throughout a larger area of tissue than ordinarily. 
Previous work has shown (1) that when a suspension of colored matter such as 
India ink or Prussian blue is injected in the rabbit skin the mixture seems to dis- 
tribute itself rather uniformly, as judged by the density of the blackening to the 
naked eye 1 or 2 hours after injection.  Nevertheless, the histological study of the 
injected area shows a  gradual thinning out toward the edges and moreover it 
shows a clustered distribution of the injected particles, this latter suggesting that a 
flocculation out of suspension has taken place in the living tissue. 7 
As a  preliminary step in our work we have studied the distribution 
of bacteria in the subcutaneous tissue shortly after the suspensions of 
infective  agents  were  injected  into  the  rabbit  skin  together  with 
testicle extract.  2 hours were permitted to elapse before the animals 
were killed,  so as to allow a  spreading of the mixture to  take  place. 
It  is  realized  that  some  bacterial  multiplication  may have  occurred 
during this  time,  but  that  was  a  matter of no moment,  since in  the 
present study we are particularly concerned with the lesions resulting 
from the multiplication of bacteria after their lodgement. 
When spreading preparations more active than those used in the present work 
are injected together with India ink the spreading steadily increases  for several 
hours after inoculation.  In such cases the distribution of the injected particles 
is uneven, as attested by the irregular darkening of the skin. 622  INFECTIOUS  AGENTS  AND  1LESISTANCE  TO  INFECTION 
Test.--Homogeneous  suspensions  in saline  of 24 hour cultures of E. coli, B. 
prodigiosus, and Streptococcus hemolyticus 090 were prepared.  A  1/10,000th of 
the E. coli and B. prodigiosus cultures and a  1/1,000th of the streptococcus cul- 
ture were each suspended in 0.5 cc. of saline, mixed with an equal volume of testicle 
extract, and injected into an area of the depilated skin of the same rabbit.  The 
animal was killed after 2 hours.  By that time each of the injected mixtures had 
spread through an area of approximately 6.5 x 5.5 cm. from the point of inocula- 
tion, as shown by local edema and blanching.  With sterile instruments circles 
of skin about 0.3 cm. in  diameter  were  then  excised  from near  the  point  of 
inoculation and from other regions inside and just outside the limits of the affected 
skin.  The fragments of skin were firmly held with forceps  to express the fluids 
and the under sides of each were rubbed over the surface of blood agar plates. 
The number of colonies which grew from each of the fragments after 48 hours of 
incubation at 37°C. are given in Table I. 
TABLE  I 
Number of Bacteria Distributed at and around the Point of Intradermal Inoculation 
of Bacterial Cultures plus Testicle Extract 
Point of  7-8 era. out- 
inoculation  1-3 cm.  4-6 era.  side area of 
spreading 
B. prodigiosus .......................  360  300  300  0 
E. coil ..............................  500  400  600  0 
Streptococcus hemolyticus 090 ...........  70  400  300  35 
Table  I  shows  that  in  the  case  of B.  prodigiosus  and  E.  coli  the 
number of bacteria within the area of skin affected by the spreading 
is remarkably uniform, if one judges by the number of colonies which 
have  developed  from  the  different  regions  of  skin  as  result  of  the 
relatively crude procedure.  In  the  case  of Streptococcus  hemolyticus 
090 a  spread of the bacteria from the area of inoculation and beyond 
the visible limit of dermal infiltration with fluid evidently took place. 
This  strain  of  streptococcus  is  itself  a  very active  producer  of  the 
spreading  factor  (2),  which  may  perhaps  account  for  the  findings. 
The results as a whole are constant enough to permit of the conclusion 
that  to  all  intents  and  purposes  the  distribution  in  the  infiltrated 
skin of bacteria shortly after injection of them together with testicle 
extract  is  at  least  fairly uniform.  The  demonstration  that  there  is 
some uniformity proved of value in interpreting the phenomena that 
were studied later. 1~.  DURAN-REYNALS  623 
The Effect of Spreading upon Bacteria of Low Virulence 
The first tests on the effect of varying degrees of bacterial dispersion 
through the tissues were carried out with a  group of organisms of low 
virulence for rabbits. 
Experiment.--Each  strain of bacterium was tested by intradermal injection in 
several dilutions with testicle extract on one flank of a rabbit and on the other of 
the same dilutions with normal salt solution.  Each test was repeated on 2 or 3 
animals.  The bacterium used,  the  range of dilutions,  and  the extent of the 
lesions as determined in a total of 19 rabbits are given in Table II. 
Table II shows definitely that when the number of bacteria is still 
sufficient  to  cause  a  lesion  in  the  control  inoculations,  this  same 
number,  spread  through  a  larger area of skin  under the influence of 
testide  extract,  gave rise  to no lesions or lesions of lower intensity. 
The  latter  were  somewhat  difficult  to  classify  on  account  of  their 
diffuse character,  s 
Effect of Spreading upon Bacteria of Moderate to High Virulence 
The strains of bacteria used for these experiments were of moderate 
or high virulence. 
Experiment.--As in the previous test, each strain was injected with and without 
testicle extract in the skin of the same rabbit, each test being repeated from 2 to 
4 times.  Results based on 24 rabbits inoculated with the various bacteria are 
given in Table III. 
It is  clear from Table III that  above a  concentration of  bacteria, 
which may be  termed the  critical one,  dispersion by testicle extract 
results in enhancement of the lesion, while at or below this concentra- 
tion dispersion results in the diminution of any local manifestation  of 
infection.  All the strains tested showed this reversal of the effect of 
testicle extract, except Pneumococcus Type I, an exception which will 
be  dealt  with  later.  It  will  be  noted in  Tables  II  and  III  that  B. 
dysen~riae  Flexner  and  the  bacillus  of  mouse  typhoid  produce  a 
pustular  lesion when  injected intracutaneously in  low  concentration 
s It may well be said here that several tests carried out in order to detect a 
possible bactericidal effect of the testicle extract on bacteria in vitro always gave 
negative results. 624  II~FECTIOUS  AGENTS  AND  RESISTANCE  TO  INFECTION 
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with  testicle  extract.  These  pustules  resemble  those  produced  by 
some filterable viruses.  They do  not  appear until  5  to  7  days  after 
inoculation  and  it  is  believed  that  they  are  manifestations  of  the 
gradual  multiplication  of  a  few  scattered  organisms.  Such  lesions 
are illustrated in  Figs.  1,  2,  3, and 4.  ~ 
The  Effect  of Spreading  upon  Pneumococcus  Type  I  Lesions  When 
the Host's Resistance Is Raised 
Reference  has been  made  to  the  fact that  virulent  pneumococcus 
was enhanced even in high dilutions by testicle extract, in this respect 
differing from the other bacteria tested.  Non-virulent strains of this 
organism do not show this characteristic,  as is evident from Table II. 
It seems not unlikely that the great susceptibility of the rabbit to the 
virulent  organism  might  account  for  the  difference  observed.  The 
following experiment was undertaken with the aim of testing the effect 
of an increase in the animal's resistance upon the lesions produced by 
the  virulent  organism disseminated  by testicle  extract. 1° 
Experiment.--8 rabbits weighing  approximately 2,500 gm.  11 were injected in- 
tracutaneously on one flank with graded dilutions of an 18 hour T broth culture 
of Pneumococcus Type I  mixed with testicle extract.  On the other flank they 
received a series of the same graded dilutions of the organism but in salt solution. 
Immediately after the inoculations 2 of the rabbits received 5 cc. each of anti- 
pneumococcus horse serum, another 2 cc., and a 4th 1 cc.  The 5th animal was 
given 5 cc. of antipneumococcus rabbit serum and the 6th 5 cc. of normal horse 
serum.  The remaining 2 received no serum and served as controls.  The results 
are given in Table IV. 
Additional tests were made on 3 rabbits in which graded dilutions of the or- 
ganisms were mixed with testicle extract and antipneumococcus serum, and the 
9 The photographs in another paper (3) illustrate further the effect of spreading 
to suppress lesions produced by Staphylococcus albus and aureus. 
to These experiments were suggested in part by an observation on 2 strains of 
streptococcus.  When we studied these strains (S/43  glossy and K-152)  by the 
technique of spreading their dilutions,  each strain gave 2  sets of opposite but 
perfectly consistent results.  In certain rabbits, enhancement of the lesions pro- 
duced by high dilutions of the bacterial suspension was obtained; on other rab- 
bits, suppression of the lesions produced by low dilutions was observed.  It seemed 
evident that the degree of individual immunity might have something to do with 
the results. 
n  Smaller animals are not well suited for this kind of experiment. ~F.  DURAN-REYNALS  627 
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mixtures injected in one flank of the rabbit.  The control injections consisted of 
the same series of dilutions with antiserum and saline solution.  The amount of 
antiserum varied from 0.05 cc. to 0.0005  cc., but that of testicle extract and of 
saline was kept constant.  The results are given in Table V. 
It is evident from Table IV that a marked inhibition of the pneumo- 
coccus infection  results  when  the  organisms  are  spread  by  testicle 
extract if the resistance of the animal has been raised by the injection 
TABLE  V 
Lesions Produced by Mixtures  of Pneumocoecus Type I  and Specific Antiserum 
Together with Testicle Extract and Saline Respectively (Lesions 
Recorded after 24 Hours) 
Fraction of  Amount of 
pneumococcus  Amount of  Amount of  antipneurno-  Resultant 
Skin site  culture (conl  saline  solution  testicle  extract  lesion 
mined in  0.5  cc.)  coccus serum 
Rabbit 1  3 
L: 
Rabbit 3 t! 
1/10 
1/lO 
1/lO 
1/10 
1/lO 
1/10 
1/10 
1/lO 
1/loo 
1/lOO 
1/100 
1/10 
1/lO 
1/lOO 
1/lOO 
1/100 
0.5 
0.5 
0 
0 
0.5 
0 
0.5 
0 
0.5 
0 
0.5 
0.5 
0 
0.5 
0 
0.5 
0 
0 
0.5 
0.5 
0 
0.5 
0 
0.5 
0 
0.5 
0 
0 
0.5 
0 
0.5 
0 
0.05 
0.05 
0.05 
0.05 
0 
0 
0.005 
0.005 
0.005 
0,005 
0 
0.0005 
0.0005 
0.0005 
0.0005 
0 
4- 
4- 
4- 
4- 
3+ 
6+ 
2+ 
1+ 
4. 
6+ 
5+ 
3+ 
3+ 
-4- 
8+ 
of antiserum.  The evidence of increased resistance of the rabbits is 
manifest also by the suppression of lesions where the highest dilutions 
of the controls were injected.  In those animals receiving no antiserum 
all of the dilutions produced a  uniform enhancement of the lesions. 
These results are graphically shown in Text-fig.  1, which is based on 
Rabbits 2 and 7 of the table. ~'.  DURAN-P,.EYNALS  629 
Mixing the antiserum with the bacteria and testicle extract before 
inoculation  as  shown  in  Table  V  yields  essentially  the  same  con- 
sequences but to a  much lesser extent.  This observation practically 
eliminates  the  possibility  that  the  suppression of lesions  that  was 
observed in the first group was due to a localization of the antibody 
by the extract. 
The two groups show definitely that the effect of spreading of the 
pneumococcus can  be  reversed from enhancement to  inhibition  by 
! 
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TEXT-FIG. 1.  Lesions recorded after 24 hours. 
raising the resistance of the host with specific antiserum.  Such re- 
sults in partially immunized animals are perhaps to be explained on 
the basis  of a  reduction of the number of pneumococci per area of 
lesion to a point below the critical number required for infection under 
the circumstances of an increased state of resistance of the host. 
Effects of the Spreading of Individual Bacterial Dilutions 
The technique used throughout this study of testing 6 dilutions of 
bacteria on  the same rabbit  had an obvious disadvantage.  It was 
difficult  to  evaluate  the  effects  of  the  individual  injections,  since 
frequently the animals died too soon after the  inoculation of  such a 630  II~ECTIOUS  AGENTS  AND  RESISTANCE  TO  IN~ECTION 
large  quantity  of bacteria.  In order  to  obviate  this  disadvantage  a 
series  of  experiments  was  conducted  with  progressive  dilutions  of 
bacterial  cultures  combined  with  testicle  extract  or  saline  solution, 
each rabbit receiving but a single injection.  In this way the evolution 
of the individual lesions could be watched independently of the general 
effect of any other inoculation. 
The following series of experiments was conducted  on Streptococcus 
hemolyticus  090,  Staphylococcus  aureus,  and Staphylococcus  albus. 
Streptococcus  hemolytlcus 090.--7 progressive dilutions of a 48 hour blood agar 
culture  were obtained  in  saline.  These dilutions  were such  that  each 0.5  cc. 
TABLE  VI 
Effect of Dispersion of a Single Test Mixture 
Type of bacteria 
Streptococcus  ........................ 
Staphylococcus aureus ................. 
Staphylococcus albus  .................. 
No. of 
experiments 
11 
2 
2 
Enhancement 
of lesions by 
testicle 
extract 
Partial 
suppression 
of lesions by 
testicle 
extract 
Complete 
suppression 
of lesions by 
testicle 
extract 
15  other rabbits were injected with the  same bacterial dilutions plus saline 
solution as control. 
represented  the  following  fractions  of  the  culture:  1/200,  1/2,000,  1/10,000, 
1/20,000,  1/40,000,  1/60,000,  and 1/100,000. 
7  rabbits were injected  intradermally with  one or  another  of  these  culture 
fractions together with  the  same volume  (0.5 cc.)  of testicle extract.  7 more 
rabbits were similarly injected using saline instead of testicle extract.  The tests 
dealing with some of the culture fractions were repeated 2 or 3 times so that the 
total number of animals used was 22. 
Staphylococcus  aureus.--Fractions of 1/500 and 1/1,000 of a 24 hour plain agar 
culture were used.  These were injected with 3  cc. of testicle extract or saline 
into the skin of 4 rabbits. 
Staphylococcus  altms.--All was done as in the case of Staphylococcus  aureus. 
The lesions were followed until the death of the animal or until complete heal- 
ing occurred.  The end-results of these 3  series  of experiments are summarized 
in Table VI. 
It will be seen from Table VI that the dispersion by testicle extract 
of  single  test  mixtures  results  in  either  enhancement  or  suppression ~'.  DIrRAN-1IEYNALS  631 
of the  local  lesion,  as  was  the  case  when  varying bacterial  dilutions 
were injected in a  single rabbit. 
The  following supplementary results  seem worthy of record. 
All rabbits rejected with doses  of streptococcus stronger than  1/20,000  of a 
culture, with or without testicle extract, died within 6 days after injection.  Some 
had  their lesions  enhanced  and  others partially inhibited  by the  spreading as 
compared with the lesions of the corresponding controls.  Rabbits injected with 
1/20,000  of a culture either died or survived according to whether they had their 
lesions enhanced or suppressed by testicle extract.  All rabbits injected with less 
than  1/20,000  of a  culture survived and all had a  complete suppression of the 
skin infection as result of the bacterial spreading.  The control lesions in  these 
cases were mild. 
All rabbits injected with Staphylococcus aureus or albus with or without testicle 
extract survived.  The skin lesions were mild. 
As  a  conclusion  from  this  group  of  experiments  it  seems  safe  to 
state that, despite the influence of individual variations in  host  resis- 
tance on the results of  the  group of  experiments,  they must  be  con- 
sidered  significant.  In certain  cases rabbits inoculated  with  suspen- 
sions of bacteria in testicle extract showed few or no signs of local or 
general  infection,  whereas  those  inoculated  with  suspensions  of 
bacteria  in  isotonic  saline  developed large  lesions  and  some of them 
died. TM  These  results  are  consistent  with  those  recorded  in  Tables 
II and III  and  they reveal that  an otherwise  lethal  dose of bacteria 
can be rendered harmless by admixture with testicle extract. 
The Effect of Spreading on Filterable  Viruses 
The same general procedures were next applied to the  viruses. 
Experiments.-- Each strain of virus was tested with and without  testicle ex- 
tract on the skin of 1 or more rabbits.  The results obtained in  18 animals are 
given in Table VII.  The lesions are recorded as they appeared 4 or 5 days after 
12 In order to determine whether the animals which had their lesions completely 
suppressed had acquired some immunity they were given a  second intracutane- 
ous injection of the same bacterium 2 weeks after the first.  4 additional normal 
animals were similarly injected as controls.  The results may be summarized as 
follows:  None of the animals showed any acquired immunity to either streptococ- 
cus or staphylococcus; on the contrary a sharp hypersensitivity was found in the 
case of streptococcus.  This observation confirms the findings  by Swift and his 
coworkers concerning the hypersensitivity induced by repeated small inocula of 
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the inoculations, save in the case of those of the Shope virus which were measured 
after 12 to 14 days. 
It will be seen from Table VII that the spreading action of testicle 
extract considerably enhances the development of virus lesions in all 
dilutions,  even those approximating  the minimal  infective dose,  and 
in the case of all the highly various strains employed.  Both Hoffman 
and McClean  (11,  1) have made similar observations, theirs including 
vacdne virus  and  those of herpes  vesicular stomatitis  and foot-and- 
mouth disease.  It would appear that the effect of dispersing filterable 
viruses  is  entirely different from that  in  the  case  of bacteria,  being 
uninfluenced either  by  dilution  or  by  the  "virulence" of  the  strain 
employed.  The thought suggests itself that the critical concentration 
of virus per unit area is the minimal infective dose, or in other words, 
an infeclire  unit of virus. 
The Effect of Spreading  on Neurovaccine  Virus Lesions  When the Host 
Resistance  Is Raised 
Since  the  experiments  just  described were  carried  out  on  normal 
rabbits, we next tried to determine whether suppression by spreading 
took  place  in  rabbits  whose  resistance  had  been  raised  by  specific 
antiserum,  as was  the  case with a  highly virulent strain of pneumo- 
COCCUS. 
E,  xperlment.--8 rabbits were injected intracutaneously on one side with $ or 6 
dilutions of the standard pulp of neurovaccine virus mixed with testicle extract 
and the same was done on the other side, using saline solution instead of testicle 
extract.  0.5 cc. of each ingredient was used.  Immediately afterwards 5 of the 
rabbits were injected intravenously with 10 cc. each of serum from rabbits recently 
immune to vaccinia, and another rabbit was similarly injected with 5 cc.  of the 
immune serum.  The other 2 rabbits were not injected and served as controls. 
The results are expressed in Table VIII and Text-figs. 2 and 3. 
An additional test was carried out with 2 rabbits in which mixtures of vaccine 
virus and antiserum were injected intracutaneously together with testicle extract 
on one side while on the other vaccine virus was introduced with antiserum alone. 
The 1 cc. injection was composed of 0.5 cc. of testicle extract, 0.25 cc. of vaccine 
virus diluted 1:100, and 0.25 cc. of antiserum.  The dilutions  and  the  results 
are shown in Table IX. 
Table VIII and Text-figs. 2 and 3 show that there was very little if 
any enhancement or  suppression  as  result of spreading  the  virus  in i~.  DURAN-KEYI~ALS  633 
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rabbits  whose  resistance  had  been  raised.  That  the  antiserum  em- 
ployed  was  an  effective  neutralizing  agent  comparable  to  the  anti- 
pneumococcus  serum of a  previous experiment  is  shown  by the  fact 
that  10 cc. of it nearly suppressed the virus infection whether  it was 
injected with or without testicle extract. 
Table IX shows that spreading enhanced the vaccinal lesions in the 
presence of the specific antiserum as well as without it. 
TABLE  VIII 
Lesions Produced by Neurovaccine Virus Injected with Testicle Extract  and Isotonic 
Saline Respectively in Rabbits Partly Immunized with Specific Antiserum 
(Recorded at the Time of the Maximum Lesion, 
5 to 7 Days after Injection) 
Rabbit 
No. 
Lesions produced by progressive 
dilutions  of vaccine virus pulp plus 
+++± 
2+ 
++~ 
1+ 
1+ 
+± 
4+ 
8+ 
testicle  extract 
2-{  -  2+  1+ 
1+  l+  -- 
l+ 
--  + 
--  ± 
3+  i+-- 
4+  3+  3+ 
o  - 
4-  -t-I 
3+ 
Lesions produced by progres- 
sive dilutions of vaccine virus 
pulp plus isotonic saline 
4+2+  2+ 
3+  2+ 
2+1+  1+ 
+  ±  ± 
2+  1+  -- 
+  l+  -- 
2+  1+  1+] 
3+  2+  I+ 
1+ ¸  ,  .... 
1+-- 
Amount of serum 
injected intravenously 
CO. 
5 Sample A 
I0 Sample A* 
I0 Sample B 
I0 Sample C 
I0 Sample C 
i0 Sample C 
No serum injected 
No serum injected 
* Rabbit 2 was injected with 5 cc. of serum 24 hours before the skin injection, 
and another 5 cc. at the time when the skin was injected. 
These experimental results  establish  the  fact that  the  reactions  to 
a  typical  filterable  virus,  when  the  infective  agent  is  spread  in  the 
partly  immune  animal,  differ  from  those  when  a  highly  virulent 
bacterium  such  as  Pneumococcus  Type  I  is  spread  under  similar 
conditions. • .  DUI~N-REYNALS  635 
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Effect  of Spreading  on  Bacteria  of Moderate  or High  Virulence  When 
Bacterial Extract Is Substituted for Testicle Extract 
Some of the  tests dealing with the  effects of spreading on bacteria 
and viruses in the normal rabbit were repeated, using a  saline extract 
of an invasive strain of staphylococcus as the agent for the dispersion 
instead  of testicle  extract. 
Experiment.--The  strain (Strain 40) was of the aureus type and was selected 
because the filtrates of its saline extracts, although spreading actively, had prac- 
TABLE  IX 
Average of Lesions Produced in 2 Rabbits by Mixtures of Vaccine Virus and Specific 
Antiserum, Injected with Testicle Rxtract and Isotonic Saline Respectively 
(Recorded at the Time of the Maximum Lesion, 5 to 7 
Days after Injection) 
I 
Vaccine Virus  Dilution of  I 
Skin site  diluted  l/t00  Saline soludon  Testicle extract  antivaccinal  Resulting lesion 
serum (0.25 cc.) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0.25 ce. 
~g  C~ 
It  ~l 
¢:t:, 
0.5 
0 
0.5 
0 
0.5 
0 
0.5 
0 
0.5 
0 
O.S 
¢,6, 
0 
0.5 
0 
0.5 
0 
0.5 
0 
0.5 
0 
0.5 
0 
Undiluted 
Undiluted 
1/10 
1/10 
1/100 
1/100 
1/1,OO0 
1/1,000 
1/10,000 
1/10,000 
0 
± 
4- 
-4- 
+± 
3+ 
4+ 
3+ 
6+ 
4+ 
7+ 
3+ 
ticaUy no injurious action on the rabbit skin, unlike extracts from certain other 
invasive strains,  0.5 cc. of extract with an equal volume of the bacterial suspen- 
sions was injected immediately after mixing, as when testicle extract was used. 
The results with the 8 rabbits employed are summarized in Table X. 
It is evident from Table X  that Staphylococcus aureus Strain 50 and 
Staphylococcus  albus were inoculated  at or below the  critical concen- 
tration,  and  the  dispersion  of  these  bacteria  by the  staphylococcus 
spreading factor almost or quite prevented the development of lesions. 
In the case of Staphylococcus aureus Strain 40 and B. prodigiosus the 1,.  DU~N-I~a~NALS  637 
TABLE  X 
Lesions Produced by Bacteria of Low and High  Virulence Injected Together with 
Saline Solution and the Spreading Factor  from Staphylococcus Respectively 
(Recorded at the Time of the Maximum Lesion, 
2 to 6 Days after Injection) 
Dilutions of bacterial 
suspensions  (fractions 
of 24 hr. agar culture) 
1/2oo 
1/1,ooo 
1/2,ooo 
1/lO,ooo 
1/2o,ooo 
t/2oo,0oo 
1/2,0OO,OO0 
1/20,000,000 
1/2oo,OOO,OOO 
1/2,000,O00,OOO 
1/20,OOO, OOO,OOO 
hlo. of tests ....... 
Bacillus  of 
Mouse Typhoid; 
Staph- 
Saline  ylo- 
COCCUS 
extract 
4+  6+ 
4+  6+ 
4+  6+ 
3+  4+ 
2+  2+ 
1+  1+ 
Staphyloco¢.c~  Staphylocoxat  B. Wodigios~  aureus  ~U#'SU$ 
(Strain 40) 
Staph-, 
Saline  ylo-  [ 
coccus  I 
extract 
3+  5+ 
3+  5+ 
3+  1+ 
2+  1+ 
2+  1+ 
(Strain 50)* 
Stapb- 
Saline  ylo- 
COCCUS 
extract 
3+  +4- 
2+  4- 
1+  - 
1+  - 
1+  - 
4-  -- 
2  I 
Staphylococc~ 
QJbue* 
Saline 
Staph-[ 
Saline  yIo- 
COCCUS 
extract 
3+  4+ 
1+  +4- 
1+  +4- 
1+  4-*-" 
1+  -- 
4-  -- 
4-  -- 
3+ 
2-{- 
1+ 
t+ 
1+ 
Staph- 
ylo- 
COCCUS 
extract 
2+ 
1+ 
"4" 
m 
Arrows indicate minimal effective concentration of bacteria. 
* Other tests have shown that more concentrated suspensions give enhanced 
lesions under the influence of either  testicle  or bacterial extract. 
TABLE  XI 
Lesions Produced by Neurovaccine Virus Injected  Together with Extract from  an 
Invasive Staphylococcus and with Saline  Solution Respectively (Recorded 
at the Time of the Maximum Lesion,  6 Days after Injection) 
Rabbit  !  Rabbit 2  Rabbit 3 
Dilution 
of virus 
Saline  Bacterial 
extract 
1/200 
1/1,000 
1/2,OO0 
1/10,000 
1/20,000 
Saline  Bacterial 
extract 
5+  7+ 
5+  8+ 
4+  6+ 
4-  3+ 
--  1+ 
Saline  Bacterial 
extract 
3+  8+ 
4+  8+ 
4+  8+ 
1+  6+ 
-  5+ 
2+ 
I+ 
i+ 
"4" 
4- 
8+ 
7+ 
7+ 
6+ 
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spreading action of the bacterial extract enhanced the lesions when 
the organisms were above the critical concentration, and when they 
were below it,  suppressed them.  This latter  also held true for the 
bacillus of Mouse Typhoid II, but dilutions were not carried above 
the critical concentration. 
In another group of experiments in which 3 rabbits were used, vaccine virus 
was injected in progressive dilutions in one side of the rabbit together with the 
staphylococcus extract, while in the other side saline instead of extract was in- 
troduced.  The method was the same as when dealing with the action of testicle 
extract on filterable viruses.  The results are expressed in Table XI. 
The results shown in Table XI were similar to those where testicle 
extract was used for the spreading agent; namely, enhancement of the 
lesions at all virus dilutions. 
From these two sets of experiments it can be  concluded that the 
spreading factor derived from an invasive staphylococcus has the same 
effect upon the fate of bacteria and viruses respectively as has testicle 
extract.  Its effects were not limited to the class of organisms from 
which it derived. 
DISCUSSION 
If progressively decreasing doses of bacteria are injected together 
with extracts of testicle or invasive staphylococcus into the skin of the 
normal rabbit, enhancement of the .lesions is produced when the num- 
ber of bacteria introduced is large and suppression of the lesions when 
it  is  small.  If the  bacterium is highly virulent,  e.g.  Pneumococcus 
Type I, only enhancement of its lesions will be observed in the normal 
animal, whereas inhibition takes place in the partly immunized ani- 
mal.  On the other hand, enhancement of the lesions due to filterable 
viruses is observed at all the dilutions in the normal rabbit, and in the 
partly immunized one no inhibition or very little  is observed when 
they are injected together with testicle or staphylococcus extracts. 
From the findings it is reasonable to assume that enhancement of 
the  bacterial  lesions will  be  observed,  first when the  concentration 
of the infectious agent at the site of inoculation is  so high that the 
scattering effect of dispersion fails to reduce it below a  critical con- 
centration, and second when the virulence of the inoculated bacteria 
is so great that local agencies are insufficient to inactivate them even F.  DVP.AN-m~YNALS  639 
when  widely separated  in  the  lesions.  Inhibition  will be  observed, 
first when the  concentration of bacteria  at the  site of inoculation is 
such  that  the  diluting effect of  dispersion  will  reduce  it  below  the 
critical concentration, and second when the virulence  is so low that 
Amounts  o r infective  ~gent  iajected 
oo  0 
fo 
1) 
O 
nO 
O- 
No le~ion  0 
T~.xT-FIG. 4.  Since the extent of the control lesions naturally differs according 
to the differing virulence of the 4 groups of infective agents, 4 thick dotted con- 
trol lines should strictly speaking have been drawn in the figure.  For the sake of 
simplicity, however, a single line common to all the controls has been introduced. 
The critical concentration for each of the 3 groups of bacteria appears to lie at 
the intersection  of the straight control line with the corresponding curved line. 
No such intersection exists for the group of viruses. 
the local protective agencies are able to inactivate the bacteria even 
when their number is relatively considerable. 
This presumptive mechanism will be easier to discuss if an example 
is  given.  Let  it  be  supposed  that  a  minimum  of  10  bacteria,  for 640  INFECTIOUS  AGENTS  AND  RESISTANCE  TO  INFECTION 
example, are necessary to cause lesions in a  unit area of skin.  If a 
dose of 50 bacteria is dispersed through 5 unit areas of skin a  large, 
or in other words, an enhanced lesion will result, since each unit area 
gets 10 bacteria, the effective pathogenic dose; but if only 10 bacteria 
in all are injected, then dispersion through 5 areas of skin will result 
in a  complete suppression of any lesion, though a  small but definite 
one would have developed had they not been scattered. 
It remains to be seen whether the behavior of other virulent bacteria 
spread in the normal or partly immunized host will be the same as that 
of those species and strains studied in this investigation.  The tubercle 
bacilli  and  allied  organisms constitute  an  interesting  test  material 
from this point of view, and they are  now being investigated (13). 
The effect of spreading upon "attenuated" viruses would also make 
an interesting study. 
A  satisfactory  explanation  of  the  differing  effects  of  dispersion 
upon bacteria  and  upon viruses waits  upon further investigations. 
Testicle extract, as an agent for dispersion, would appear to be one 
more  tool  for  discrimination  between  bacteria  and  viruses.  The 
viruses studied here were not suppressed in their action when spread, 
no matter what the resistance of the host and the virulence of the 
strain.  This held true even for doses closely approaching the minimal 
infective dose, and hence one may assume that the critical concentration 
of virus per unit area of infection is an infective unit of virus.  The 
differences in the phenomena are presented graphically in Text-fig. 4. 
Virus infections of the skin appear to be associated with local re- 
actions different from those attending bacterial  infections and  it is 
possible that the differences may be determined, in part, by the pro- 
tection afforded by the association of viruses with cells (14)  and the 
lack of any such protection in the case of extracellular bacteria (15). 
SUMMARY 
Progressively decreasing quantities of bacteria of some 20 strains 
were utilized in experiments upon the effect of dispersing the organisms 
in the rabbit skin through the agency of an extract of testicle or an 
invasive  staphylococcus.  The  same  was  done  with  6  strains  of 
filterable viruses. 
The bacterial lesions were enhanced by spreading when the organ- 1%  DIrRAN-REYNALS  641 
isms introduced were above a  certain  number or quantity  (minimal 
effective  concentration)  and  on  the  other  hand  were  partially  or 
totally suppressed when their number was less than this.  Virulence 
and minimal effective concentration were observed to  be  in inverse 
relationship.  The lesions due to the filterable viruses studied were, 
on the other hand, enhanced by the spreading factor even when the 
quantity of virus approached the minimal infective dose.  This hap- 
pened irrespective of whether the virus caused severe lesions or slight 
ones. 
The  highly virulent  Pneumococcus Type  I,  injected into  normal 
rabbits together with the spreading factor,  yielded enhanced lesions 
even at practically its minimal infective dose; but when the resistance 
of  the  animal  was  raised  with  specific  antiserum  the  lesions  were 
totally  suppressed  by  the  experimental  dispersion  of  the  bacteria. 
When such an experiment was repeated on a filterable virus,  vaccinia, 
no suppression took place as a result of the dispersion of the infective 
agent. 
The significance of the differences in  the bacterial  and  virus  phe- 
nomena is discussed. 
It is a pleasure to thank Dr. D. A. MacFadyen not only for active 
help in the correcting of the manuscript but also for many valuable 
suggestions concerning the exposition of the experimental results. 
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EXPLANATION  OF PLATE 29 
Fro. 1, a, b, c, d, e.  Rabbit 4-16.  Right side (control).  Lesions produced by 
the intracutaneous injection of increasing  dilutions of a 24 hour culture of mouse 
typhoid bacillus,  from 1/2,000,000 to 1/I00,000,000,  suspended  in normal saline 
solution. 
FIo. 2, a, b, c, d, e.  Rabbit 4-16.  Left side.  Lesions produced by the same 
amounts of bacteria, suspended in testicle extract.  Note the enhancement of all 
lesions and also the tendency to a pustular aspect in the lesions produced by the 
higher dilutions. 
FIG.  3.  Rabbit  4-64.  Right  side (control).  Lesions produced by intracu- 
taneous injection of increasing  dilutions of a  24 hour culture of mouse typhoid 
bacillus, from 1/200,000,000 to 1/20,000,000,000, suspended in saline. 
FIG. 4.  Rabbit 4-64.  Left  side.  Results of injection of the same  amounts 
of bacteria, suspended in testicle extract.  Note the manifestly pustular character 
of the lesions produced by the most concentrated suspensions  of bacteria (a, b, 
and c) and the complete suppression  of the effects of the least concentrated sus- 
pensions  (d, e, and f). THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  61  PLATE  29 
vnotographed by Joseph B. Haulenbeek 
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